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(54) Magnetic recording media and apparatus 

(57) The disclosed invention provides a high-relia- 
bility magnetic recording apparatus, magnetic recording 
medium, and a method of manufacturing such a medium 
in a high-density magnetic recording apparatus which 
comprises a magnetic disk revolving at a high speed and 
a magnetic head which flies as low as possible over the 
magnetic disk. A lubricant layer formed on the outermost 
surface of a magnetic recording medium is constituted 



by a lubricant which comprises fluoropolyether as the 
principal ingredient. The fluoropolyether lubricant is 
characterized in that alcohol hydration distribution which 
corresponds to difference between the greatest and 
smallest alcohol valences among the component mole- 
cules of the fluoropolyether is adjusted to 0.48 or less 
and an average alcohol valence among the component 
molecules is adjusted to fall within a range of 3.00 to 
3.91. 
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Description 

Background of the Invention and Related Art Statement 
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in terms of resistance to sliding friction. DroceS sing speed with more disk capacity. In particular, m a 

[0006) As lobrioo.s ol .00 typo. c«m» =J ' "J*^ Fombllo Z TETRAOL, o.o. soppli.d by Aos^ool 

otam. 9 o.fcdiok» S .0«th.dl s kd,[velorlon9 0™ a a , a higo opoed aod ,0o lobrtoaot lo .poo 

100091 HonW »hen the magnate *■« t *» 0 !f*' ! '™ '". " disk „ lhe disk revolsos and the owttntugol lorpo 

ro^ss^ 

approaotes two hs,atotor e ™>™^!"'£^j££Z^*& » ™™«™ 3000 and a ,™ e ' 
Open Publication No. 2001-164279) rf . . .. ab|e on the mar ket , for example, FomblinZDOL-TXand Fomblin 
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Object and Summary of the Invention 

functionalized end groups vary among production lots. m0 | eC ular polarity, which 

[0019] in a fluo.ropolyether lubricant, the components wth a high JJ" are J disso y |uble in 

production of magnetic disks. ^nnnonns with a low alcohol valence have low molec- 

[0020] lnafluoropolyetherlubncant,ontheoth^ 

revolving speed or in hard environment such as high ambient temper ^ jnvention 

corresponds to deference between the greatest and smallest alcohol valences among the co p 

fo025] liZe Th: a pre S ent invention has been made, based on the above ,«ndlng S and specific features of the Invention in 
'aspects in which the objects of the invention are achieved will be described below 

, w and « ...r.-ed m order o„*e «£»» lh»«v«V«l,« id dhdrdd- 

and smallest alcohol valences among component molecules and an average alcohol valence among P 
ecules within a range of 3,00 to 3.91 . 



55 



R r CF 2 0- [-(CF 2 CF 2 0) m -(CF 2 0) n -] -CF 2 -R 2 
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wh „. „ art n .r. ^. - «, - + - - — " PraSe "' ea " 

-CH,-0-CH 2 -CH(OH)-CH 2 -OH 



and 

- CH 2 - OH 



[00271 Practicaltydesirablevalu^ 

o 50 and the average alcohol valence among diamond .ike carbon. Practolly 

that the protective layer is made of ca *7 ca <^ to 0.48. 

desirable alcohol hydration distributee the 

ro0281 According to a second aspect of the invention, jne invention p prot ective layer, and a 

Sing mediumUrising the steps o, comprises the steps of 

.ubricant layer in order on a non-magne lc 8U ^ e A ^^" ing 9 redie nt, wherein the f luoropolyether is rep- 
preparing a lubricant which comprises fluoropolyet^er as the pri^ 

Lentedby chemical formula m^^^'SSSS^^ »" the substrate ' *" *"* 

solution, and applying the ^^^.^^^SSS!^ 0.48 or less which corresponds to difference 

r^g^Ta^^^ 
among component molecules within a range of 3.00 to 3.91 . 

25 Rl -CF 2 0-[-(CF 2 CF 2 0) m -(CF 2 0) n -]-CF 2 -R 2 (1) 

wnere m an, n are pos..e integers and * and R 2 are end functional groups respectively represented by: 
30 - CH 2 - O - CH 2 - CH (OH) - CH 2 - OH 



and 

35 - CH 2 - OH 



40 



45 



50 



55 



[0 0 29J .ntheforegoingmetbodofmanufactu^ — 
the invention, the step ofpre P annga.ubr,ca« 

by the chemical formula (1), comprises a ste of tract. "^9 ^ b controlling the solvent temperature and 

to fall within a range of 3.00 to 3.91 , based of manufacturing a magnetic recording 

[0 030] As the carbon-bearing gas "^^"^ J£^\h» and fluoroform CF 3 H. 
med.um.thefo.iowingarementio^ 

[0031] More preferably, in the method of manufacturing a mag ne incipal ing redient, repre- 

of the invention, the step of preparing a ^^^^35^r toucE a carbon dioxide solvent 
sented by the chemical formula (1), compter the steps ^ W^J^ temp P erature an d pressure, thereby extracting 
which is placed in a supercritical orsubcnt,cal state through contort £ tt P dioxide whjch remains 

f.uoropolyether in the carbon dioxide solvent, W^T^SE^Sr, and (c) serially extracting fractions 
in the supercritical or subcritical state ^^^^^X^^-^ M 
of f.uoropolyether separated, according* th cartoon ^^^^^^^,^^^0^^ 



fall within a range of 3.00 to 3.91 . 
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roo 32 ] in the step (c) of extracting serially extracting fractions of fiuoropolyether in *e « ]Ml 

to the first aspect of the invention. 
Brief Description of the Drawings 
[0034] 

■ of the magnetic recording apparatus are shown. 
FIG. 3 shows a view of cross section A-A' in FIG. 2. 

Detailed Description of Preferred Embodiments 

(1) A method of manufacturing a lubricant in which the alcohol valences are controlled 
[0036] Aswillbedescribedlater.howeve^ 

change, d.pnn.mo on »» ^ ^JZ^IS^'U^^ 
[00381 Ttewerpdtionfluldgr^phang.s — 

srr^:=nrrrr.^ 

MPa. Carbon dioxide placed in a state exceeding these j2^tLw an^usion coefficient approximating to 

typical example of supercritical fluid (solvent). , norf , ri Hral fluid state having the above-described 

[0041] BycontrolHngthedissoMngabHityofca^ djfferent h 

rrsrnrsrrr;:rr 

[0042] Solubility of fluoropolyether in carbon d.oxide in the superc >^ sub ^' ™ supercritical state. The 



solvent. 
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[0 0431 Therefore, in the present invention, first ,et 

the density of the carbon dioxide which remans ,n the s ^ [^extracted molecular cutoff of fluoropolyether w.th a 
elate « 0-5° » » 76 " cm3 : Thc tSitJSS keep^ » 

[M«l Thecortriol^hy^;^""''!^ ^23wrthn,o« be eendeeted easily, ee.eg e super- 

Eon, takes advantage of the supercritical state of carbon d.ox d as a exU^ ^ f |uoropo|yether extracte d 
is gas at norma, temperature and pressure^ ■ ""21^^* natura.ly evaporates at norma, temperature 

(2) A method of forming a lubricant layer by lubricant application 

by the above-described method on top of an overcoat of a magnetic recording ^ f|uoropo|yetner ,„ bulk 

range of .ubricant layer thickness which is currently used ^^^^^h^th.^*^.-^ 
with viscosity of about 0.01 PaDs at 30PC cou d make too ^Jj^ jncluding f , UO rine is suitable, which w.ll 

of application. . coat method are mentioned. Parameters for setting the 

^rS^riubricanti 

he thicker lubrication layer will of the lubricant layer by unsuitable withdraw 

lubricant solution, very small irregularities m **<^<^% the withdraw speed, the boiling point and heat of 
speed. This may occur underthe influence of facto* "JJJJJjSI environment of application work (temper- 
evaporation of the solvent used for preparing the lubncanl .solution ana ^ jn ^ work gpace) 

a"re, humidity, and the concentrations of ^^^^^^ lubricant layer tends to be.formed. 

used solvent. lubrication solution, fluorinated organic solvents such as, e.g., 

rzrrre^ 

the following are mentioned: PFC-5060 ^ s supplied by Asahi Glass Company. 
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following are mentioned: PFC-5060 supplied JJ^^fcd by Asahi Glass Company. 
3M, Vertrel XF supplied by Dupont (pi), and ASAHIKLIN AK u PP 

(3) Application of a lubricant 

ree - e ~r » - p;~r. iEsasaiiSS" 
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SorL, ft can be used for hydrophilic chemicals and hydrophobic chemicals wh,ch are appl.ed to the surface of a 
solid such as glass and metal. ... 

(4) Structure of a magnetic recording medium 
10 raosfil A maanetic recording medium relevant to the present invention is a magnetic recording medium having at 
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*hT™gn«ic layar, oommobly os.d ma.na, can b. u »o «d th» * no MM» ,0b ma» •£ 
^^^^^ 

ft S CoS *y Co P,S,-Ta ,i orthoaa alloy, Mud* ™,al such aa A,. bo-on. o W n, n.rooen, o.da. 

So° els hiqh adhere SI P oZ layer of a magnetic recording medium. Accordingly by applying 
recording medium having good wearability and durability can be obtained. 
(5) Magnetic recording medium, magnetic recording apparatus, and application thereof 
r00631 Asfreaponcadonofan^n^ 

in the structure shown, other components of the magnetic disk drive are omitted, for example, a motor for 



unit 24. 
[0065] 
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the magnetic heads 23. ^rfeina fluoropolyether as the principal ingredient, the fluoropolyether 

[0066] A lubricant of the present mvent,on comprising! ^P**"" * described aboV e, in which alcohol 

Lo.ecu.es including alcohol ^H^tltSSi-* « c ° ntr0,led < iS diSS ° ,Ub ' e 

ttt^iicsra- - — c disks at a high speed or 

operate in hard environment such as high « W ^E^"J w h , adnesive t0 the disk substrate, the lubricant 



Example 1 

A fluoropolyether lubricant 



control unit, and back pressure control unit functional groups injected, from which we will obtain 

chemical formula (1 ) with both n and m being 8-16 ca[bon dioxjde density gradua |, y 

for the corresponding four steps with constant tempe^re o 60 ^ densjty increase steps 0 1 carbon 

[0072 ] Fourfractionsofthefluoropo^ 

dioxide are assigned sample numbers F1 F 2.F3 ndF ' n tne ^ measurem ents by 19F-NMR.and 1 H-NMR and 

ssiksstks sssl. ... — - - — 

following formula (2): 

(2) 

(P1 X2 + P2X4)/(P + P2 + N1) 
following formula (3): 

so {[P 2/(P1 + P2+ N1)l X 4 X (H2/H1/3.5)} - 

{[P1/(P1 + P2 + N1)] X 2 X (1 - H2/H1/3.5)] (3) 

u , * j „t q i,i=i PorPl alcohol hydration distribution of 0.159 and an 
55 [0075] Theresu^softhecalculationsare^ 

averagealcoholvalence among the component mo ^^^"^V, of 338 were obtained, For F3, alcohol 

of 0.480 and an average alcohol valence am ^^ 

hydration distribution of 0.251 and an average alcohol valence among p 
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For F4 alcohol hydration distribution of 0.072 and an average aicoho. valence among the component molecu.es of 

JSTm^SS- with the aiooho, hydration distribution 
component molecu.esof3.66,oruncontro^^^ 

of the samples F1 to F4 in the present embodimen example J^J'^ESn^ the alcohol hydration distribu- 
[0078] In the solvent solubility columns of Table 1 , mark 0 indicates that the t. P y that ^ 

Comparative Example 1 

dioxide density are higher than those for the Wl-^^J^otf 1 9F-NMR and 1 H-NMR spectrum meas- 
and Fomblin Z TETRAOL which was not subjected to *e above-described «?*JJ£J» 3M and Vertrel XF 
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Sample number 


Alcohol functional group 


Solvent i 


solubility 


Hydration 


Distribution 


HFE-7100 


Vertrel XF 


F1 


3.00 


0.159 


O 


O 


F2 


3.38 


0.480 


0 


O 


F3 


3.75 


0.251 


0 


0 


F4 


3.91 


0.072 


0 


0 


Comparative example 1 


3.92 


0.013 


X 


X 


Uncontrolled Z TETRAOL 


3.66 


0.950 


x 


X 



opolyether Ip0rte.pt of eomf>ara,ve example 1 ™ h «^ a ™*/**™L escrlbs d .amotion «»re not well dteoM* 



Example 2 
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SKTSVl**^ la,.™ 15«« *°™ X ,™ bftTnS it*™ the M). ™ res* » 

" J2 el residua; lubnerrn. Meansse -w the « B*. ^^l^Less (raprasantad in pereerdsl 

aiso shown In FIG. 2. As rhe ™ M °<^T^^« » ««*«« "** ,5 10 ProB * e 

the lubricant layers of the present invention. 
25 Comparative Example 2 

critical fluid machine as used for Example 1. apd carbon dioxide density of 0.587 g/ 

[0091] For supercritical conditions, a carbon d,oxide low rate 1 ^ ^ c and fts back pressures 

valence among the component molecules of ^ recordi media before hand through a 

[0 092] in the same way as for Example 2, we P™f^ ^^ e , 1 , ma gnetic layer 13, and protectee layer 
deposition process for forming the under layer 1 2 on the 9^ a solution inc | uding a lubricant obta.ned 

t/madeofamorphouscartonontheoutemjosts^ 

magnetic receding media having tire structure shewn " Table 1 us||)g , M9netic 
S Wa coied CSS (C.n.ae. S « S ^^S«g ,2. e«n«lon. ware sat head load ., 3gf, 

test). The results are also shown in Table 2. 
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Sample number 



F1 

~F2~ 
~F3~ 




3.38 
3.75 



0.478 
0.251 



0.237 
0.239 



0.5 



96.4% 
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[0095] For the magnetic record media using *e'ub^ Z^Zt 
Lmple which have alcohol hydration f^^^^'^^^S the maximum frLn coef- 
ponent molecules of 3.92 or less were found to well d ssolubl he t uor tQ F4) andtne residua , , ubriC ant 

ficients after operation of 1000 hours were less than .0(0. 6 -°- 7f ™^P esr 

lubricant thickness percent was 80.3% „ _ man i.fa C turina method of the present invention tor which 

95.2% for sample F1 with an alcohol valence of 3.00 and 96.0 JJfl^S^^^ hIgheri tt is desirable 

valence, the smaller will be the friction coefficient. me thods: CSS method and 

[0100] The magnetic disk drive shown in FIG. 2 and FIG. 3 may pply r of two ve m ^ 
oad/unload method. When the CSS method is applied, because he ^^^S^W* ^ead does not 
smaller friction coeffteient is desirable. When the ^f^^^S^ characteristics in terms of 

plish the desired ends; that is, the invention provides a high-re I at abQve apparatU s, 
cording medium which has a lubricant layer of excellent "•^^'SJ^^'SK apparatus (magnetic 
and a method of manufacturing such a recording medium* magne ? c Sead which flies as 
disk drive) which primarily comprises a magnetic disk revolving at a high speea a 

low as possible overthe magnetic disk. rtlltlnntho i llh ricant laver in which alcohol hydration distribution 

[0102] Specifically, a fluoropolyether lubricant constituting the lubricant layer 
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(D 



FVCF 2 0- t-(CF 2 CF 2 0) n ,-(CF 2 O) n -l -CF 2 -R 2 
«. d, «, » ,™ p.*. MP. - and Ra ,,. end MM. groups _p~« ^ » 

-CH,-0-CH 2 -CH (OH)-CH 2 -OH 



and 

-CH 2 -OH 



an average alcohol valence among component molecules within a range 
range of 3.38 to 3.91. 

° a p'ddL of tonrdn, s.id lubridT,, l.yer d=mp*lng ft. «p. « 

^a.^n.^dd^.d.^.naddd.pdn^di^.^ *»P*~ 

is represented by chemical formula (1) below: 

R 1 -CF 2 0-[-(CF 2 CF 2 0) m -(CF 2 0) n -]-CF 2 -R 2 ^ 
wh eremandnarepositive integers and R, and R.areend functiona, groups respectively represented b, 

-CH 2 -O-CH 2 -CH(OH)-CH 2 -0H 

and 

- CH 2 - OH 

*. re ,d«»p.»« t — 

6 . An,„Pddo,n«dd ) ,d,dd„ g .™ 9 d.,«.dd,™ 
Idbdd.dl.dddhd.dpri.dd*.^^^ 
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critical extraction and solvent control method in which alcohol hydration distribution wh,ch corresponds to drfference 
berJen the greatest and smallest alcohol valences among the component molecules * ^< u °«»^" 
Suited to 0 48 or less and an average alcohol valence among the component molecules ,s adjusted to fall wrthm 
a range of 3.00 to 3.91 . based on the density of said solvent. 

A method of manufacturing a magnetic recording medium comprising the steps of depositing and forming, at least, 
a magnet layer, a protective layer, and a lubricant layer in order on a non-magnet.c substrate, 

a process of forming said lubricant -layer comprising the steps of: 

preparing a lubricant which comprises fluoropolyether as the principal ingredient, wherein the fluoropolyether 
is represented by chemical formula (1) below: 

R r CF 2 0-[-(CF 2 CF 2 0) m -(CF 2 0) n -]-CF 2 -R 2 0) 
where m and n are positive integers and R, and R, are end functional groups respectively represented by: 

- CH 2 - O - CH 2 - CH (OH) - CH 2 - OH 

and 

- CH 2 - OH 

letting said lubricant dissolve in a solvent/thus making a lubricant solution; and 
applying said lubricant solution on top of the protective layer formed on said substrate, 

wherein said step of preparing a lubricant which comprises fluoropolyether as the principal ingredient, rap- 
resented br S aid c h ? m P iC al formula (1). comprises the steps of (a) letting fluoropolyether touch a carbon d.oxrde 
Swh^ 

extracting fluoropolyether in the carbon dioxide solvent, (b) increasing in steps the densrty of the cartion dranto 
whteh emains in the supercritical or subcritical state and includes the extracted fluoropolyether, and \(o) serial* 
SracS 

iustTng afcoh Thydra ion distribution which corresponds to difference between the greatest and smalles al ohol 
va?nci^nong y the component molecules of said fluoropolyether to 0.48 or less and an average alcohol valence 
among the component molecules to fall within a range of 3.00 to 3.91 . 

A method of manufacturing a magnetic recording medium according to claim 7, wherein, in the step (c) of extracting 
" serial exSng fractions of fluoropolyether in the step of preparing a lubricant which comprises fluoropolyether 
^!SS!iS^ represented by said chemical formula (1), carton dioxide in the supercritical state ,s 
used as its density changes within a range of 0.50 to 0.75 g/cm 3 . 

I A magnetic recording apparatus comprising, at least, a magnetic recording medium for recording data i thereon 
and a f maJnSte head which writes data on said magnetic recording medium, erases data from said magnetic 

is constituted by the magnetic recording medium recited in any of claims 1 to 3. 
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